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(54) A modular object-based architecture for extensible master station software 



(57) Conventional AMR and DA/DSM systems typ- 
ically suffer from a lack of extensibility due to the mon- 
olithic nature of the master station software. In contrast, 
this patent describes a system that is comprised of small 
modules connected using a component object model. 
This system allows straightforward extension in the ar- 
eas of applications, communications, metering devices, 
and databases without requiring recompilation or relink- 
ing of the system. Furthermore, this system allows com- 
mercial applications such as spreadsheets, word proc- 
essors, statistical packages, report generators, et cete- 
ra to be integrated directly with this system, and allows 
extension and customization of the system using such 
packages. Such a flexible open architecture is very at- 
tractive to utilities in that it allows easy extension by the 
utility or other third party developers without the involve- 
ment of the original authors of the system. 
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D scription 

The present invention relates to systems used in the 
utility industry. In particular the invention relates to me- 
tering, network, database, and computer application 
systems used in the utility (i.e., gas, water, and electric- 
ity) industries. 

Heretofore, it was common for the manufacturer of 
meters or other devices used in the utility industry to de- 
velop metering devices which could be read by certain, 
specific means, and which could be programmed, if at 
all, by certain specific means. By way of example, in the 
electricity industry, the manufacturer of a particular me- 
ter could include a register thereon which was capable 
of storing certain metering information, i.e., total KwHr 
metered, time of use information, maximum demand 
over some time period, etc. For each meter developed 
by each manufacturer, the way in which the data was 
retained in the meter and the manner in which data could 
be extracted from the meter was often unique to a par- 
ticular meter. Thus, it was not only possible, but com- 
mon, for there to be a variety of meters, manufactured 
by the same manufacturer which each retained some- 
what different data in somewhat different formats, and 
it was common to have situations in which it was nec- 
essary to extract that data using a specific technique, 
which involved the use of a unique piece of software. By 
way of example, meters could be read using optical 
ports, direct (wired) connections, telephone modems, 
power line carrier ("PLC") communications, radio ("RF") 
means, etc. Further, each meter would typically use a 
different type of software to read and/or program fea- 
tures which were present in the meter. If that did not 
complicate matters enough, each manufacturer would 
typically develop its own communications "protocol" to 
communicate with the meters which it developed. 

in the area of communications protocols alone, dif- 
ferent meter manufacturers each approached the idea 
of a protocol somewhat differently. Thus, one manufac- 
turer might define a communications protocol in a man- 
ner which allowed a particular command to extract a par- 
ticular type of data from a particular meter. Yet another 
manufacturer might define the "protocol" as the commu- 
nications method for communicating with the meter, and 
the meters of that manufacturer would typically retain 
data in each of its meters in particular memory locations. 
In order to program (or obtain data from) the latter type 
of meters, it was necessary to know both the protocol 
and the "memory map" which detailed the memory lo- 
cations of the data within the meter 

In view of the numerous types of meters and the 
numerous meter manufacturers, the number of individ- 
ual pieces of computer software which were needed by 
a utility to set up; program, and read meters continued 
to grow, much to the dismay of the utilities which found 
that they needed to maintain numerous pieces of com- 
puter software in order to accomplish the tasks which 
they had to regularly perform. Further, depending upon 



the size of the utility, the purpose of the software, and 
when the software was initially installed, utilities could 
find themselves operating software on a number of dif- 
ferent platforms, which typically included UNIX®, MS- 

s DOS, and WINDOWS. 

In an effort to assist the utilities in limiting the 
number of different computer software packages which 
they had to maintain, suppliers to the industry started to 
provide so-called "multi-vendor" systems. Such multi- 

10 vendor systems, i.e., the Schlumberger Industries MUL- 
TI-MASTER® software or the Utility Translation System 
MV-90™ software, were able to communicate with the 
meters of more than one manufacturer. However, they, 
too, had problems, in that a number of manufacturers 

f 5 perceived the need to maintain th eir protocols and mem- 
ory maps as trade secrets in order to prevent competi- 
tors from "cloning" their equipment and thereby trading 
upon the good will which they had established with their 
customers. This was a particularly troublesome problem 

20 in those instances in which an interloper appeared on 
the scene with a meter which they claimed to be a 
"clone" of a meter sold by an established manufacturer 
and then only after buying the meter, would the utility 
learn that the "new" meter did not perform the same as 

25 the one which had been "cloned". 

Other problems with multi-vendor systems involved 
the fact that in order to develop such systems it was nec- 
essary for the system developer to have access to in- 
formation which the meter manufacturer might consider 

30 to be proprietary. Accordingly, the development and 
marketing of a new meter often became difficult. It was 
difficult for the meter manufacturer which had to have 
software support for its meter, because until the compa- 
ny doing the software support actually implemented the 

35 meter support in their software, and until the software 
was released, the utilities could not use the meter, so 
the manufacturer could not sell the meter The meter 
manufacturers could not add the software support for 
new meters into existing multi-vendor systems due to 

40 the closed architecture which such systems employed. 
Similarly, the software support companies were contin- 
uously in a situation in which they were trying to imple- 
ment support for new meters, while performing updates 
to their packages to further support meters already in 

4S the field. 

From the utilities perspective, unless a meter had 
adequate system support, it could not be used. Even 
meters which were supported, could not always be 
used, if the system on which they were supported dif- 

so fered from the system which the particular utility was us- 
ing. Thus, depending upon the computer platform which 
was used at a particular utility, the operating system be- 
ing used on that platform, whether or not the utility had 
made a committment to the use of a particular multi-ven- 

55 dor computer software system, and the types of meters 
already in the utility, the utility's decision to purchase a 
particular meter could be greatly affected. 

Finally, individual utilities would often find the need 
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to have specialized computer application software de- 
veloped to meet specific, internal needs of the utility. As 
there are many utilities which do not maintain their own 
internal programming staff , it was necessary for them to 
hire outside consultants to develop the applications soft- 
ware. For both those utilities which had an internal pro- 
gramming staff and those who used outside program- 
mers it was necessary to obtain the communications 
protocol, and memory map information from the meter 
manufacturers to even begin to develop an application 
which could be used to generate even a simple report. 

-Thus, unless a utility chose to limit the number of 
types of meters which it would purchase, the types of 
computers on which it would operate its software, the 
particular databases which it maintained, and a host of 
other factors, all of which were limiting to the manufac- 
turers ability to meet specific needs, there was no easy 
way to address the issues of universal system compat- 
ibility. Even worse, each time another new type of meter 
or application or database engine or computer system 
was introduced, the problem of integrating the various 
items into, an existing system grew exponentially. 

In view of the foregoing problems, many utilities 
called for the manufacturers to develop a "standard 1 * 
way of communicating with metering equipment. How- 
ever, other manufacturers and utilities wanted to retain 
the ability to add additional features to the future meter- 
ing equipment which they sought to manufacture and 
purchase. Consequently, there was no simple solution 
which was universally acceptable, and as new micro- 
processor based solid-state meters brought additional 
features to the market place, and as demand developed 
for automatic meter reading ("AMR") equipment in- 
creased, the. problems continued to mount. 

In particular, utilities have turned to AMR systems 
in order to allow timely reads of customer's meters on a 
scheduled and/or demand basis, without requiring ac- 
cess to the customer premises. These systems are be- 
coming increasingly complex as new features are added 
suchvas outage detection, tamper detection, remote dis- 
connect, and other distribution automation and demand 
side management ("DA/DSM") applications. 

,*.Xhe continued demand for new features requires 
extension of the master station software in several are- 
as. First, there are new applications needed for handling 
these new functions. Second, there is pressure to sup- 
ports large number of different metering devices, i.e., 
electric, water, gas, and heat metering devices. Third, it 
is necessary to support different communication infra- 
structures, since different communications methods 
such as telephone inbound and outbound, radio net- 
works, power line carrier, hand-held devices, and drive- 
by devices are needed in different situations. Finally, it 
is desirable to support a variety of different databases, 
since various utilities have standardized on different da- 
tabase packages. 

Conventional AMR and DA/DSM systems typically 
suffer from a lack of extensibility due to the monolithic 



nature of the master station software. As described 
above, adding any new features to such systems is a 
very difficult process, and requires recompilation and/or 
relinking of the software to accommodate the new fea- 
5 tures. Typically, these extensions can only be performed 
by developers having access to the source code of the 
particular system. 

In view of the foregoing problems, a new approach 
was required. 

io in contrast to the monolithic structures of the prior 
art, the present invention is comprised of relatively small 
modules which export well-defined application interfac- 
es using a component object model ("COM"). It is based 
on the industry standards of Object Linking and Embed- 
is ding ("OLE") and Open Database Connectivity ("OD- 
BC"). The present system allows straightforward exten- 
sions in any of the four dimensions listed above (appli- 
cations, communications, metering devices, and data- 
bases) without requiring recompilation or relinking .of the 
system, and provides compatibility with many commer- 
cial software packages. 

A key foundational decision in the implementation 
of the preferred embodiment of the invention was the 
selection of the software framework, i.e., the collection 
of underlying software technologies used to construct 
the software architecture. Technology choices had to be 
made in the areas of the component object model, com- 
ponent communication, database connectivity, the un- 
derlying application programming interface, the class li- 
brary, and operating systems. 

To select this framework, the primary goals of the 
inventive system were to maximize the effectiveness of 
software development, i.e., get the best product for the 
development money spent; and to provide an open sys- 
tem which permits easy extension by the customer and/ 
or third party developers and which can integrate with 
commercial software packages. 

Based upon these primary goals, a set of selection 
criteria for the framework was defined. It must be based 
upon well-supported commercial standards. It must per- 
mit decomposition into small modules which are easier 
to develop and customize. It must permit easy custom- 
ization via new modules without relinking the entire sys- 
tem. It must permit maximum use of commercial com- 
ponents within the framework. It must have the ability to 
target all required platforms using the same source 
code. It must have a predicted longevity. It must provide 
support for the most widely used databases. It must sup- 
port distributed computation for upward scaleability. Fi- 
nally, it should be in the mainstream of software devel- 
opment to maximize the options for software tools, ap- 
plications, and cross-platform support. 

Based upon the foregoing framework requirements, 
a completely new object oriented, modular approach to 
55 system support for use in the utility industry was devel- 
oped, and that is the subject of the present invention. In 
accordance with the invention, it was determined that 
the techniquies of Object Linking and Embedding 
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("OLE"), as described by Brockschmidt Kraig; in Inside 
OLE 2, Microsoft Press (1994), the contents of which 
are incorporated herein by reference, provided the lead- 
ing standard for object -based component communica- 
tion. Over 1 ,000 commercial applications provide OLE 
support, which allows them to be integrated with the in- 
ventive system. OLE supports decomposition into small 
modules, and allows customization by adding or replac- 
ing modules without recompiling or relinking the system. 

OLE objects can communicate through three differ- 
ent mechanisms. In particular, objects may be called by 
direct function calls for those objects that are linked 
through a dynamically linked library ("DLL"). This pro- 
vides the best performance, but requires the DLL to be 
linked to the same executable file ("EXE" file). Objects 
can also be accessed in different executable files in the 
same computer through a local remote procedure call 
("RPC") as described by Guy Eddon in RPCforNT, R&D 
Publications (1994), the contents of which are incorpo- 
rated herein by reference. This allows adding new mod- 
ules or replacing modules without linking, but has lower 
performance than that provided by a DLL. Finally, ob- 
jects can be accessed on other machines through Dis- 
tributed Computing Environment ("DCE") RPCs. This 
allows a fully distributed system to be deployed for up- 
ward scaleability. An extremely attractive aspect of the 
present inventive approach is that the client does not 
have to know in advance which of the three cases de- 
scribed above apply. The client simply sends messages 
to the object, and the system determines how to get the 
message to the object Thus, the same code can be 
used regardless of whether the DLL is linked directly or 
whether it is distributed on a different computer. 

In an alternative embodiment of the present inven- 
tion, component communication could be carried out us- 
ing Common Object Request Broker Architecture 
("CORBA"). Although this is also a strong technology, 
and could be used without departing from the inventive 
concept, it is not as widely used as that described above ; 
and relatively few commercial applications are available 
that support CORBA. Commercial support for OLE is 
clearly growing, while the future of CORBA is less cer- 
tain. However, those skilled in the art will recognize that 
there are a number of alternatives to the preferred em- 
bodiment of the invention, and that if interoperability with 
CORBA is needed, it is available, and it is within the 
scope of the present invention. In fact, Digital Equipment 
Corporation, located in Maynard, Massachusetts, pro- 
vides a gateway between CORBA and OLE which is 
called their Object Broker package. Accordingly, while 
CORBA is considered an alternative, it is by no means 
inconsistent with the teachings herein. 

The underlying component object technology used 
by OLE is the Component Object Model ("COM"), the 
selection of OLE, therefore, constrains us to also use 
COM which provides a standard for component interop- 
erability. This implies that all COM components will work 
together, regardless of their source (in-house, commer- 



cial, third party, etc.), when the components are devel- 
oped (components developed now will work with com- 
ponents developed years ago, and they will continue to 
work with components developed in the future), and 

s what programming language is used (C t C++, Basic, 
etc.). Furthermore, such objects can be used in a dis- 
tributed or client/server architecture without any 
change, as discussed above. This interoperability is 
achieved through the underlying technologies of query- 

to able interfaces and unique identifiers. 

Queryable interfaces allow a client to ask what in- 
terfaces are supported. This allows object and client to 
communicate in the richest set of languages which they 
share in common, (t also allows discovery of features at 

75 run-time instead of hard-coding at compile time, and 
permits new functionality to be added later with full back- 
wards compatibility. 

The provision of unique identifiers is actually part of 
the Distributed Computing Environment ("DCE") stand- 
ee ard. This provides each object with a globally unique 
identifier so that the object may be located, even if it is 
located on a remote machine. This is key for supporting 
a distributed architecture. 

The RPC mechanism used with OLE is DCE/RPC. 

25 As will be recognized by those skilled in the art, while 
local RPC is presently a part of the OLE standard, DCE/ 
RPC is not part of that standard. However DCE/RPC is 
a widely supported standard that provides excellent fea- 
tures for distributed systems such as unique identifiers, 

30 support for heterogeneous networks, and security. 

In the preferred embodiment of the invention, the 
WIN32 Application Programming Interface (API) was 
selected. While the selection of the underlying API is ex- 
tremely important, and while potential candidates in- 

35 eluded the WIN1 6, WIN32, and UNIX® APIs, the WIN32 
API was the preferred selection, although any of the oth- 
ers could be used without departing from the inventive 
concept. The WIN16 API was rejected because of the 
longevity constraint, since all new Microsoft support is 

40 for WIN32 API only. It first seemed that both the WIN32 
and UNIX® APIs would have to be supported, since 
products must be deployed on both Windows NT™ and 
UNIX® platforms. However, this violated the criteria to 
target all required platforms using the same source 

45 code. 

The solution to this dilemma was to use third party 
software packages that support the WIN32 API on 
UNIX® platforms as described by Cullens, Chane and 
Blackweli, Ken in Cross-Platform Development Using 

50 Visual C++ , M&T (1995), the contents of which are in- 
corporated herein by reference. This allows develop- 
ment using the WIN32 API and then retargeting the soft- 
ware to UNIX® by linking with third party packages that 
resolve all of the WIN32 API references in terms of the 

55 underlying UNIX® API, as illustrated by FIG. 2. Retar- 
geting packages are provided by several different ven- 
dors. These products have the additional advantage 
that the differences between various UNIX® platforms 
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(SUN OS 4.1.3, Solaris 2.x, HP/UX, AIX : et cetera) are 
handled by providing different libraries, so that code can 
be common even between different UNIX® platforms. 

A description of a number of embodiments of the 
present invention, by way of example only now follows 
with reference to the following drawings, in which: 

FIG. 1 illustrates the manner in which RPC is used 
to access objects in one location from another loca- 
tion; 

FIG. 2 illustrates how a single set of source code 
can be targetted to different operating systems: 
- FIG. 3 illustrates an overview of the present inven- 
tive architecture: 

FIG. 4 illustrates the tradeoffs between accessibility 
and ease of use based upon the methodology used 
to access objects within the present architecture: 
FIG. 5 illustrates a typical system using the present 
invention: 

FIG. 6 illustrates a multi-platform system using the 
present invention for system integration; 
FIG. 7 illustrates a single platform system using the 
present invention for system integration: and 
FIG. 8 illustrates a system using the present inven- 
tion to provide hybrid communications deployment. 

As described above, the underlying component ob- 
ject technology used by OLE is called the Component 
Object Model ("COM"). The selection of OLE, therefore, 
constrains us to also use COM. COM provides a stand- 
ard for component interoperability. This implies that all 
COM components will work together, regardless of their 
source (in-house, commercial, third party), when the 
components are developed (components developed 
now will work with components developed years ago, 
and with components which are developed in the fu- 
ture). Also, COM components will work together, irre- 
spective of the programming language which was used 
(C, C++, Basic, etc.) to create them. Furthermore, such 
objects can be used in a distributed or client/server ar- 
chitecture without any change, as discussed above. 
This interoperability is achieved through the underlying 
technologies of queryable interfaces and unique identi- 
fiers. 

The use of queryable interfaces allows a client to 
ask what interfaces are supported, and thereby allows 
the object and the client to communicate in the richest 
set of languages which they share in common. It also 
allows discovery of features at run-time instead of hard- 
coding at compile time, and permits new functionality to 
be added later with full backwards compatibility 

Unique identifiers is actually part of the DCE stand- 
ard. It provides each object with a globally unique iden- 
tifier. Consequently, objects may. be located, even when 
they are on remote machines, thereby providing for and 
supporting a distributed architecture. 

As set forth above, and as illustrated in FIG. 1, the 
RPC mechanism which is presently part of the OLE 



standard is local RPC 10. However, in order to support 
the distribution of modules on remote machines, DCE/ 
RPC 1 2 has been added to the present invention, to per- 
mit any remote communications which may be required. 
s DCE is a widely supported standard that provides ex- 
cellent features for distributed systems such as unique 
identifiers, support for heterogeneous networks, and se- 
curity. 

As described above, the selection of the underlying 

io API was also extremely important. Those skilled in the 
art will recognize that potential candidates included the 
WIN16, WIN32, and UNIX® APIs, ail of which could be 
used without departing from the scope of the present 
invention. In the preferred embodiment of the invention, 

75 the WIN32 API was selected, since all new Microsoft 
support is directed to the WIN32 API, rather than the 
WIN16 API. While those skilled in the art might, at first 
believe that both the WIN32 and UNIX® APIs would 
have to be supported, since commercial products are 

20 likely to be deployed on both Windows NT™ and UNIX® 
platforms, one object of the preferred embodiment of the 
invention is to target all required platforms using the 
same source code. That objective could not be met un- 
less a single API was selected. Accordingly in the pre- 

25 ferred embodiment of the invention, the solution to this 
problem was the use of third party software packages 
that support the WIN32 API on UNIX® platforms as de- 
scribed by Cullens, Chane and Blackwell, Ken in Cross- 
Platform Development Using Visual C++, M&T (1995). 

30 Thus, in the preferred embodiment of the invention there 
is a single source code development using the WIN32 
API. The software is retargeted to UNIX® by linking with 
third party packages that resolve all of the WIN32 API 
references in terms of the underlying UNIX® API . As will 

35 be understood by those skilled in the art, retargeting 
packages are provided by several different vendors. 
These products have the additional advantage that the 
differences between various UNIX® platforms are han- 
dled by providing different libraries,. so that code can be 

40 common even between different UNIX® platforms. 
Thus, by way of example, SUN OS 4.1.3, Solaris 2.x, 
HP/UX, AIX, etc. are handled by providing different li- 
braries, so that code can be common even between dif- 
ferent UNIX® platforms. 

45 Referring to FIG. 3, each class of module is defined 
by an appropriate Application Programming Interface 
(API). Thus, there is an Application API 112, a Device 
API 114, and a Network API 116. Within each of these 
API's, 112, 114, 116, referred to herein as "module class- 

50 es M , there are many different kinds of modules that can 
be written in order to support, respectively appropriate 
applications, devices, and networks. 

By way of example, a variety of application modules 
118, 120, 122, 124, 126, 128, 130, 132, and 134, are 

55 shown to be connected to the Application API 112. 
These connections are preferrably made using OLE 
and/or DCE/RPC, as described above. Without limiting 
the intended generality of the applications, and by way 
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of example, these applications can include all or some 
of the following - commercially available software appli- 
cations, i.e., Microsoft Excel, Lotus 1-2-3, Microsoft Ac- 
cess, FrameMaker, Microsoft Word, or Claris products 
may be represented by the module 118; AMR applica- 
tions, i.e., billing, time-of-use : consumption, or reporting 
may be represented by the module 120; communica- 
tions applications, i.e. , demand read or outage reporting 
may be represented by the module 1 22; electricity ap- 
plications, i.e., power quality or supply management 
may be represented by the module 124; water and gas 
applications, i.e., leak detection or supply management, 
may be represented by the module 126; database ap- 
plications, i.e., reporting and data import/export may be 
represented by the module 1 28; distribution automation 
("DA") applications, i.e., load shedding or capacitor 
switching, may be represented by the module 130; de- 
mand side management ("DSM") applications, i.e., 
"smart" appliances, security, and messaging, may be 
represented by the module 132; and device mainte- 
nance applications, i.e., result data, and device config- 
uration, may be represented by the module 1 34. 

With continued reference to FIG. 3, device applica- 
tions are shown as modules 136, 138, 140 : and 142. 
Again, by way of example, the types of device applica- 
tions may be represented by electricity devices, repre- 
sented by the module 136; water devices, represented 
by the module 138; gas devices, represented by the 
module 140; and concentrator devices, represented by 
the module 1 42. The specific devices which are contem- 
plated by the various modules are intended to include 
both presently available devices and devices which are 
hereafter developed. Thus, the electricity devices, rep- 
resented by module 1 36 can include such things as me- 
ter interface units ("MIUs"), such as the T3000, manu- 
factured by Schlumberger Industries, Inc.; solid-state 
metering equipment, such as the SQ400 or QM1 1 0 me- 
ters manufactured by Schlumberger Industries, Inc.; 
electromechanical meters, which include some type of 
sensor (i.e., optical sensor) for reading the rotation of 
the disk, such as the J5 electricity meter manufactured 
by Schlumberger Industries, Inc.; or electronic registers, 
such as the Q200, manufactured by Schlumberger In- 
dustries, Inc. Similarly, the water devices, represented 
by module 1 38 may include MIUs, such as the TD1 1 500, 
manufactured by Schlumberger Industries, Inc.; ARBS 
encoders; or other types of devices. Water devices, rep- 
resented by the module 140, may include the TDI1500 
MIU, pulse encoders, or ARB encoders. Concentrator 
devices, represented by the module 142 may include 
handheld terminals or remote terminal equipment 

With respect to the network modules 1 44, 1 46, 1 48, 
150, which connect to the Network API 116, these may 
include handheld terminals, such as the Advance (by 
Schlumberger Industries, Inc.), or the DAP, or Jumbo 
units, represented by the module 144; they may include 
power line carrier ("PLC") systems, represented by the 
module 146: telephone inbound and outbound systems, 



using a SLAC or COSU, represented by the module 1 48; 
or RF systems, such as the AMRT (Motorola /Schlum- 
berger Industries) RF system. 

The connections between the modules discussed 

5 above are illustrated in FIG. 3 by solid lines, and they 
are made using OLE and/or DCE/RPC: OLE is by far 
the most prevalent component software standard, 
boasting over 1,000 compliant applications by various 
companies. This is of key importance since any com- 

10 mercial application using this standard can be directly 
linked to this architecture through the Application API, 
as shown by the module 118. Customization of the 
present invention, which is called "MAPS™", using 
commercial applications such as Microsoft Excel, Micro- 

75 soft Chart, Microsoft Word, Microsoft Access, Microsoft 
Visual Basic, Microsoft FoxPro, and Lotus 1 -2-3 has al- 
ready been successfully demonstrated. 

With continued reference to FIG. 3, a database 1 52, 
is shown to be linked to the various APIs 112, 114, 116 

20 by means of the Open DataBase Connectivity ("ODBC") 
standard. These ODBC links 154, 156, 158 are repre- 
sented by double lines. As will be recognized by those 
skilled in the art, the ODBC standard provides a portable 
database access mechanisnn that can be used with 

25 most structured query language ("SQL") and many non- 
SQL databases across a wide variety of platforms, 
thereby allowing for flexibility in the choice of database 
for each system to better meet the customer's needs. 
The present invention is not dependant upon the spe- 

30 cific database 1 52 (or platform) used, so long as it has 
appropriate ODBC drivers. Three databases, i.e., Ora- 
cle, a high-end SQL database running on UNIX®; Wat- 
com SQL, a mid-level royalty free SQL database run- 
ning on Windows NT: and Microsoft Access, a low-end 

35 non-SQL database running on Windows 3.1, were se- 
lected for initial testing with the present invention. Each 
of these databases was successfully used with the 
same ODBC source code, notwithstanding the wide 
spectrum of capabilities which these databases encom- 

40 pass. Other databases, i.e., DB2, Sybase, Microsoft 
SQL Server 6 (distributed database version), and Visual 
FoxPro, could be also be used without departing from 
the spirit or scope of the present invention, provided, of 
course, that they have drivers which are compliant with 

45 ODBC. 

In addition to direct ODBC access, the database 
152 may also be accessed through the MAPS™ Result 
Data System. The Result Data System is a collection of 
SQL tables, C++ APIs, and OLE interfaces used to man- 

so age the persistent storage and retrieval of measurement 
data. The Result Data System provides access to the 
database through three layers - namely, ODBC/SQL, 
C++ API, and OLE. The access method of choice is ap- 
plication-dependent. As illustrated in FIG. 4, the Result 

55 Data System provides a layered approach which has 
various tradeoffs (ease of use / accessibility), which are 
illustrated in FIG. 4. 

The network API 116 supports the development of 
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communications modules 144 ; 146, 148.. 150 to enable 
the MAPS™ system to connect and manage the various 
Wide Area Network (WAN) and Local Area Network 
(LAN) options. Such options include, but are not limited 
to, radio, telephone inbound and outbound, power line 
carrier handheld terminals, and hybrid systems. The 
network API 1 1 6 passes the data from the remotely con- 
nected devices in a standard way, regardless of the 
communication methods employed. For example, the 
data passing through the network API 116 from a given 
electricity meter, such as the SQ400 meter, manufac- 
tured by Schlumberger Industries, Inc., of West Union, 
South Carolina, would be the same, notwithstanding the 
means by which the meter was connected to the system, 
i.e., it is independent of whether the meter is connected 
by telephone connection, RF connection, or direct serial 
connection. In the device API;. the same SQ400 device 
module would handle any of-the above cases. 

Separating the device support from the network 
support is a powerful attributa.of the architecture of the 
present invention, in that the total number of modules 
required for any network topology is now the sum of the 
network options and device options, and an increase in 
these options results in a linear increase in development 
time. In contrast, if the network and device support were 
contained in the same modules, as in the prior art, the 
total number of modules required would be the product 
of the network options and the device options. This 
would exponentially increase the time required to build 
the system as the number of network and device options 
increase. 

The use of the device AP1 1 1 4 in the present inven- 
tion permits the development of modules to support var- 
ious end devices and device protocols. As explained 
above, the supported devices could be any variety of 
data acquisition devices, including (but not limited to) 
electricity meters, water meters, gas meters, data con- 
centrators of various types, or even devices of an en- 
tirely different nature, i.e. ; pressure or temperature sen- 
sors. Also, as explained above, the data received by 
these modules is network independent. Thus, the meas- 
urements produced by these .modules is device inde- 
pendent, allowing application ^modules to process data 
from different devices uniformly, as long as the same 
measurements are supported. For example, an electric- 
ity billing application module could read kilowatthour 
consumption data produced by a wide variety of differ- 
ent electricity device modules-in a uniform manner, with- 
out having to have specialized code in the application 
module for each kind of metering device. 

Separating the device support from the application 
support thus allows us to avoid the problem of having 
application modules tailored to each device module sup- 
ported, which would make the system exponentially 
more complex as the number of devices and applica- 
tions increased. Instead, the system complexity increas- 
es only linearly with the number of applications and de- 
vices, just as with network support, so the total number 



of modules required for the system is only the sum of 
applications 5 devices, and networks (instead of the 
product of the three). Furthermore, if a customization is 
required in a device module, only one module is 

s changed in this architecture: with a tightly coupled ar- 
chitecture, a device change could potentially affect doz- 
ens of applications and network modules. Again, this de- 
coupling of the three APIs is perhaps the most powerful 
attribute of this architecture. . A further advantage of the 

w preferred embodiment is that the device manufacturer, 
i.e., Schlumberger Industries, Inc., is able, through the 
use of the present invention, to develop both the device 
and the module needed to communicate with the device 
AP1 1 1 4, without the need to look to third parties for such 

'5 support. Similarly, as set forth below, there is no need 
for a utility to have to develop support for a manufactur- 
er's device simply to be able to develop an application 
which uses a particular device, as the utility's application 
need only deal with the Application API 1 1 2. If the utility's 

20 application makes use of a standard, OLE compliant 
commercial product, the utility heed not concern itself 
with any of the details of how the application communi- 
cates with the devices. 

As stated, the application API 112 permits the de- 

25 velopment of modules to perform various applications 
such as billing, load survey, tamper detection, and data 
import/ export, to name just a few. Such applications are 
generally independent of the devices which provide the 
raw data, and of the network, although some applica- 

30 tions designed specifically for configuration of certain 
classes of devices or networks are required. Measure- 
ment data viewed from the application API 112 is device 
independent, which makes application development 
significantly easier, and means that applications, once 

35 developed, can take advantage of newly developed de- 
vices which provide appropriate inputs to the specific 
application. 

The application API 112 also permits commercial 
applications to be easily linked to the system. This al- 

40 lows certain software developments to be left strictly to 
commercial packages, which are generally superior in 
their respective areas of application. For example, no 
spreadsheet, charting, or graphing applications are in- 
cluded with the MAPS™ software of the present inven- 

45 tion. Instead, system data can be accessed with the Mi- 
crosoft Excel application with corresponding documents 
to perform the desired spreadsheet, charting, or graph- 
ing operations. In fact, such commercial applications 
can access the device API 1 1 4 and the network API 1 1 6 

50 through OLE. This can be demonstrated by a simple Ex- 
cel "document" that performs a series of demand read- 
ings of various meters by communicating directly with 
the device modules, and then plots the results. 

The architecture of the present invention facilitates 

55 development by third parties who can develop applica- 
tions independently. They are now able to produce ap- 
plication, device, or network modules that can simply be 
plugged into the system. This can be done without any 
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access to MAPS™ code or dynamic linking libraries 
( H DLL M s). All that they need is the documentation for the 
three APIs 112, 114, 116. This documentation may be 
provided in the form of a developer's kit. 

As described above, the use of the WIN32 API in 
the present inventive system means that it may be de- 
ployed on platforms running Windows NT, Windows 95, 
or UNIX® operating systems. Windows 95 runs on Intel 
architecture PC hardware only. Windows NT and 
UNIX® can also run on this hardware, but their use per- 
mits significantly broader hardware choices. Windows 
NT is currently deployed on many RISC processors in- 
cluding RS6000, MIPS, PowerPC, and Alpha. UNIX® 
hardware choices are limited only by the retargeting 
tools, which currently support SUN, HP, and IBM plat- 
forms. The database is not limited to the platforms listed 
above, but can be run in a client/server fashion on any 
platform that provides the proper network connectivity 
and ODBC drivers. This permits database servers to be 
used on other operating systems such as VM or VMS, 
as well as the operating systems supported by MAPS™. 

The system of the present invention provides a fully 
distributed architecture that can be implemented on a 
single platform, or modules can be spread out among a 
number of platforms connected via any standard net- 
work protocol, such as TCP/IP, which is described by 
Comer, Douglas E_; in Interworking with TCP/IP; Pren- 
tice-Hall (1991), which is incorporated herein by refer- 
ence, and as illustrated in FIG. 5. 

With reference to FIG. 5, an embodiment of the 
present invention 160, is shown. In the system 160, an 
Ethernet TCP/IP Local Area Network ("LAN") 162 has a 
number of items connected to it. In particular, the system 
160 includes two different Wide Area Network ("WAN") 
access methods - namely, a telephone WAN 164 and a 
radio (RF) WAN 1 66, access are shown. The WANs 1 64, 
166 are both connected via TCP/IP Ethernet, and they 
are accessible by any of the platforms on the Ethernet 
162. The RF network 166 is accessed using a gateway, 
such as the Motorola MDLC gateway 1 68, and at least 
one field interface unit 170, which allows access to end 
devices through a variety of WAN radio options, shown 
symbolicly by the antenna 1 72. The telephone WAN 1 64 
is accessed using telephone modems 174 connected to 
a Communications Server 1 76 through a terminal server 
178. A direct serial modem connection, as illustrated at 
180, can be used instead of the terminal server 178 for 
small operations. The Communications Server 176 pro- 
vides access to the end devices through the WAN and 
runs the network and device modules, writing the result- 
ing data to a Database Server 1 82. The Database Serv- 
er 182 is connected to an appropriate database 184, i. 
e., one which supports ODBC Level 2 drivers, as de- 
scribed above. 

Applications are typically run from various client 
machines 1 86, 1 88, 1 90. The most flexible clients is typ- 
ically a Windows NT platform 186, which can run any 
MAPS™ modules. Through the use of appropriate 



UNIX® retargeting tools, UNIX® client platforms will 
have the same flexibility. A Windows 3.1 client platform 
188 can be used to run Windows 3.1 commercial appli- 
cations, and an X-Window client 190 can be used on 
s any available platform to access applications running on 
any of the Windows NT or UNIX® machines. Commu- 
nication with the utility's MIS System 192 can be either 
through the database 184 or through the Ethernet 162, 
as shown. 

10 FIG. 6 shows a typical organization of MAPS™ 
modules in a system 200 in which there is a cross-plat- 
form hardware deployment. In this system 200, various 
client applications 202, 204, 206 and a client database 
application 208 are shown running on four different op- 

is erating systems - namely, Windows 3.1, Windows 95, 
Windows NT, and UNIX®, respectively. The client appli- 
cations 202, 204, 206 are able to communicate with a 
UNI X®-based AMR database server 21 0. The database 
server 21 0 communicates with a data acquisition server 

20 212, and the data acquisition server 21 2 communicates 
with an MDLC Gateway 214, and terminal servers 216, 
218. The MDLC Gateway 214 handles connections to 
an RF Fixed Network through a WAN interface 220. Sim- 
ilarly, the terminal servers 216^21 8 handle communica- 

25 tions from telephone-based~and PLC-based AMR net- 
works through sets of telephone modems 222, 224, re- 
spectively. The customer billing database 226, which 
typically operates on a mainframe, may be connected 
to the system 200, as shown. 

30 Comunications between the modules uses OLE, 
ODBC, and SQL, as illustrated, enabling the various cli- 
ent applications 202, 204, 206 to have full access to the 
available data. For large installations, it is possible to 
have multiple platforms running data acquisition serv- 
es ers.. rather than having a single data acquisition server 
212. Also, it is possible to use a distributed database 
running on multiple platforms, and to have as many cli- 
ent workstations as desired. In addition, several terminal 
servers and MDLC gateways can be attached to the 

40 Ethernet, in a manner similar to that illustrated in FIG. 
5. Consequently, the architecture of the present inven- 
tion can be scaled upwards to handle extremely large 
and complex data acquisition requirements without de- 
parting from the inventive concept. 

45 Similarly, the invention can be scaled down to op- 
erate on a single platform, i.e., a Windows NT platform, 
for lower end applications. With reference to FIG. 7, the 
inventive architecture is shown in a system 300 de- 
ployed using a single Windows NT platform 302. An ac- 

50 quisition server 304 (with all of the network and device 
modules), a database server 306, and ail of the client 
applications 308, 310, 312, 314 share the resources of 
the single machine running Windows NT When de- 
ployed on a high-end Pentium workstation, even this 

55 configuration can handle monthly billing for over 
100,000 AMR points. 

As will be recognized by those skilled in the art, in- 
termediate configurations can also be deployed using 2 
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or 3 workstations. If the workstations are all Windows 
NT platforms, then the MAPS™ modules can be freely 
distributed between the workstations to obtain the best 
performance for each particular situation. For example, 
if heavy application work is needed, then one platform s 
could perform data acquisition and database opera- 
tions, and another platform could run the client applica- 
tions. Alternatively, for heavy database needs, the da- 
tabase could be on a separate platform. 

Finally, with reference to FIG. 8, a hybrid approach 
for communications deployment is shown in the system 
400, illustrated therein. An RF LAN 402 is shown to be 
connected to a host workstation 404 using either an RF 
WAN comprising a WAN Interface Unit ("WILT) 406, RF 
trunked radio 408 : a Field Interface Unit ("FIU M ) 41 0, and 
an MDLC Gateway 412. Alternatively, the RF LAN 402 
may be connected to the host 404 by means of a tele- 
phone WAN, comprising telephone modems 414, 418, 
a telephone network 41 6 : and, optionally, a terminal 
server 420. - ; 

A Data Concentrator Unit ("DCU") 422 which com- 
municates with the RF LAN 402, includes a Communi- 
cations Interface Unit ( U CIU M ) 424 which communicates 
(using a serial LAN protocol) with a Main Processing 
Unit ("MPU") 426. Similarly, the MPU 426 uses a serial 
LAN protocol to communicate with the WIU 406 and the 
telephone modem 414, which are part of the DCU 422. 

A serial WAN protocol was devised to facilitate com- 
munications independently of the WAN transport meth- 
od. An appropriate network module in the Host Compu- 
ter first handles the WAN transport with either an MDLC 
protocol module 428 or a modem protocol module 430. 
The resulting data is passed to a serial WAN protocol 
module 432, which handles this protocol and provides 
an interface to the Network API. Thus, the data passed 
through the Network API is independent of the WAN 
communications method used. As illustrated in FIG. 8 a 
direct serial connection 434 may be provided between 
the serial WAN protocol module 432 and the MPU 426 
in order to facilitate development and integration testing. 
As the direct serial connection 434 is not necessary to 
the operation of the system 400, it is shown using a 
dashed line. v 

Similarly, the MDLC protocol could be run over the 
Telephone WAN and interfaced to the system using the 
MDLC gateway, or a PLC LAN could be used instead of 
an RF LAN. Because of the modular network approach 
provided by the present invention, any kind of hybrid 
communication deployment could potentially be accom- 
modated by cascading network modules. 

As described herein, the architecture of the present 
invention allows for a wide range of deployment options 
ranging from very low end single platform systems to 
very high end distributed heterogeneous systems. Flex- 
ible options for the database allows existing customer 
databases to be used in many cases. Flexible network 
support allows hybrid networks that are tailored to pre- 
cise customer requirements. The system scales 



smoothly to provide an excellent evolutionary path for 
gradually growing from a small system to full deploy- 
ment. 

As will be recognized by those skilled in the art, the 
modular software architecture for an AMR system, de- 
scribed herein, provides an architecture in which new 
applications, new types of communications, new types 
of devices, and a variety of databases can be easily de- 
veloped and added. Thus, the invention provides unpar- 
alleled flexibility for utility customers to extend the sys- 
tem in ways that would be unimaginable for convention- 
al AMR systems. As the requirements of utility custom- 
ers are becoming extremely sophisticated, it has be- 
come increasingly difficult for any single company to sat- 
isfy the growing customer needs and requirements. The 
ability of the MAPS™ of the present invention to easily 
integrate solutions from a variety of vendors provides 
huge benefits over the prior art in addressing these com- 
plex system needs. 



Claims 

1 . A modular object-based architecture for master sta- 
tion software for use in The utility industry compris- 
ing: 

(a) an applications interface for communicating 
with user defined computer applications, said 
applications interface using an object-oriented 
interface to communicate with such user de- 
fined computer applications; 

(b) a device interface for communicating with 
hardware devices of the type used in the utility 
industry, said device interface using said ob- 
ject-oriented interface to communicate with 
said hardware devices; 

(c) a network interface for communicating with 
network modules used in the utility industry to 
provide access to data which has been collect- 
ed by said network modules, said network in- 
terface using said object-oriented interface to 
communicate with said network modules; 

(d) means for accessing a database which is 
able to store and retain data; and 

(e) interface means for providing communica- 
tions between said applications interface, said 
device interface, and said network interface, 
said interface means using said object-oriented 
interface to provide such communications. 

2. The modular object-based architecture for master 
station software of Claim 1 in which said user de- 
fined computer applications are selected from the 
group consisting of commercially available compu- 
ter software packages, AMR applications, billing 
applications, communications applications, electric 
utility applications, water utility applications, gas 
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utility applications, database applications, distribu- 
tion automation applications, demand side man- 
agement applications, and device management ap- 
plications. 

3. The modular object -based architecture for master 
station software of Claim 1 or 2 in which said hard- 
ware devices are comprised of data acquisition de- 
vices. 

4. The modular object-based architecture for master 
station software of any preceding Claim in which 
said network modules are selected from the group 
consisting of handheld terminals, power line com- 
munications devices : telephone inbound devices, 
telephone outbound devices, radio frequency de- 
vices, concentrator devices, and direct communica- 
tions devices. 

5. The modular object-based architecture for master 
station software of any preceding Claim in which 
said user object-oriented interface provides for ob- 
ject linking and embedding. 

6. The modular object -based architecture for master 
station software of Claim 5 in which said user ob- 
ject-oriented interface is compliant with the OLE 
standard. 

7. The modular object-based architecture for master 
station software of Claim 6 further comprising the 
addition of DCE/RPC support. 

8. The modular object-based architecture for master 
station software of any preceding Claim further 
comprising a database which is accessible by said 
means for accessing a database, said database be- 
ing able to communicate with said "applications in- 
terface and said network interface by means of a 
standard data access means. 

9. The modular object-based architecture for master 
station software of Claim 8 in which said standard 
data access means provides connectivity between 
data in a database and an external piece of software 
seeking to access such data. 

10. The modular object-based architecture for master 
station software of Claim 9 in which said standard 
data access means is compliant with the ODBC 
standard. 

11. A method for providing object-based access within 
master station software for use in the utility industry 
comprising: 

(a) providing an applications interface for com- 
municating with user-defined computer applica- 



tions, said applications interface using an ob- 
ject-oriented interface to communicate with 
such user defined computer applications; 

(b) providing a device interface for communi- 
5 eating with hardware devices of the type used 

in the utility industry, said device interface using 
said object-oriented interface to communicate 
with said hardware devices; 

(c) providing a network interface for communi- 
io eating with network modules used in the utility 

industry to provide access to data which has 
been collected by said network modules, said 
network interface using said object-oriented in- 
terface to communicate with said network mod- 
1 $ ules; 

(d) providing means for accessing a database 
which is able to store and retain data; and 

(e) providing interface means for communica- 
tioning between said applications interface, 

20 said device interface, and said network inter- 

face,- said interface means using said- object- 
oriented interface to provide such communica- 
tions. 

25 12. The method of Claim iT in which said step of pro- 
viding an applications inteface is comprised of pro- 
viding an interface with computer applications se- 
lected from the group consisting of commercially 
available computer software packages, billing ap- 
30 plications, communications applications, electric 
utility applications, water utility applications, gas 
utility applications, database applications, distribu- 
tion automation applications, demand side man- 
agement applications, and device management ap- 
35 plications. 

13. The method of Claim 11 or 12 in which said step of 
providing a hardware interface comprises providing 
a software interface to data acquisition devices. 

40 

14. The method of any of Claims 11 to 13 in which said 
step of providing a network interface comprises pro- 
viding software which can communicate with mod- 
ules selected from the group consisting of handheld 

<*5 terminals^ power line communications devices, tel- 
ephone inbound devices, telephone outbound de- 
vices, radio frequency devices, and direct commu- 
nications devices. 

50 15. The method of any of Claims 11 to 1 5 in which said 
user object-oriented interface uses for object linking 
and embedding. 

16. The method of Claim 15 in which said user object- 
55 oriented interface is compliant with the OLE stand- 
ard. 

17. The method of Claim 16 further comprising the step 
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of providing support for DCE/RPC. 

18. The method of any of Claims 11 to 17 further com- 
prising the step of providing a database which is ac- 
cessible by said means for accessing a database, 5 
said database being able to communicate with said 
applications interface and said network interface by 
means of a standard data access means. 

19. The method of Claim 18 in which said standard data to 
access means is selected to provide connectivity 
between data in a database and an external piece 

of software seeking to access such data. 

20. The method of Claim 1 9 in which said standard data 7 $ 
access means is selected to be compliant with the 
ODBC standard. 
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